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(54) FORGING DIE AND ITS PRODUCTION 

(57)Abstract: 

PURPOSE: To produce a forging die reduced in manufacturing costs similarly to the conventional hot forging 
dies, capable of being produced under an excellent working environment as compared with these conventional 
dies, and excellent in durability. 

CONSTITUTION: The forging die has a composition consisting of, by weight, 0.25-0.45% C, 0.05-0.6% Si, 0.2- 
0.8% Mn, 4.0-6.0% Cr, 1.0-3.0% Mo, 0.3-1.0% V, 0.005-0.040% Al, 0.001-0.004% S, and the balance Fe with 
inevitable impurities. Further, it is preferable to regulate hardness to HRC 41-45. Moreover, this forging die 
can be produced by subjecting a die to die sinking and then applying plastic working of <5% equivalent total 
strain of surface to the round corner part of the die face of the die by using a pressure tool having a radius 
of curvature smaller than the radius of the corner. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 

[Claim(s)] 

[Claim 1] Forging metal mold which contains C:0.25 thru/or 0.45 % of the weight, Si:0.05 thru/or 0.6 % of the 
weight, Mn:0.2 thru/or 0.8 % of the weight, Cr:4.0 thru/or 6.0 % of the weight, Mo:1 .0 thru/or 3.0 % of the 
weight, V:0.3 thru/or 1.0 % of the weight, aluminum:0.005 thru/or 0.040 % of the weight, and S:0.001 thru/or 
0.004 % of the weight, and is characterized by the remainders being Fe and an unescapable impurity. 
[Claim 2] Forging metal mold according to claim 1 characterized by hardness being HRC41 thru/or 45. 
[Claim 3] C:0.25 thru/or 0.45 % of the weight, Si:0.05 thru/or 0.6 % of the weight, Mn: 0.2 thru/or 0.8 % of the 
weight, Cr:4.0 thru/or 6.0 % of the weight. Mo: 1.0 thru/or 3.0 % of the weight. The process which carries out 
form engraving of the metal mold which contains V:0.3 thru/or 1.0 % of the weight, aluminum:0.005 thru/or 
0.040 % of the weight, and S:0.001 thru/or 0.004 % of the weight, and has the presentation whose remainders 
are Fe and an unescapable impurity, The manufacture approach of the forging metal mold characterized by 
having the process which performs plastic working to which surface total distortion becomes 5% or less from 
the corner radius at the corner section which has the radius of circle of the form engraving side of said metal 
mold using the application-of-pressure implement which has small radius of curvature. 



[Translation done.] 
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* NOTICES * 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the forging metal mold excellent in suitable endurance to forge 
the aluminum components which carried out the complicated Configuration used for an automobile or a 
household-electric-appliances device, and its manufacture approach. 
[0002] 

[Description of the Prior Art] Conventionally, the automobile suspension components which are carrying out 
cold pressing shaping using sheet steel have come to be gradually manufactured from the demand of 
lightweight-izing using aluminum material. Although aluminum components are generally manufactured by 
casting which can be manufactured at one process from a cost side in many cases, a demand of the 
reinforcement of components and dependability may increase, and a casting defect may occur in a 
complicated geometry component, and it is recently manufactured by aluminum components more often with 
forging. 

[0003] by the way, to the forging metal mold used in a forging process general JIS SKT4 (% [ C:0.55 ] and Si: - 
- 0.25%) as tool steel between heat Mn: 0.75%, nickel:1.7%, Cr:0.9%, Mo:0.4%, or SKD61 (% [ C:0.4 ], Si:1.0%. 
Mn:0.4%, Cr:5.0%, Mo:1.3%, V:1.0%) is used. However, in forging of said aluminum component, since the 
configuration of components is complicated, in the so-called R section in which the radius of circle of the 
metal mold corner section on which big stress concentration acts was prepared, a fatigue crack cannot keep 
at an early stage as close, anu sufficient endurance ability cannot be expected. 

[0004] Then, the technique or attaining solid solution strengthening or carbide precipitation strengthening is 
proposed by adding elements, such as Mn, nickel, Cu, Mo, W, V, or Co, into an alloy, or increasing the quantity 
of this into it for the purpos e ot improvement in fatigue endurance. Moreover, to attain precipitation 
strengthening of detailed carbon nitride is also tried by adding trace elements, such as aluminum. Ti, Zr, or Nb, 
into an alloy. 
[0005] 

[Problem(s) to be Solved by the Invention] However, with the former high alloy-ized technique, while a 
manufacturing cost rises, a large crack may occur about the metal mold on which the above big stress 
concentration acts by lowering of toughness, and it cannot necessarily be said as a desirable technique. 
Moreover, although it is easy to produce microsegregation and improvement is found about static 
reinforcement, such as hardness, as compared with improvement in static reinforcement, improvement is 
seldom found about fatigue strength. 

[0006] On the other hand, about the precipitation-strengthening technique by addition of the latter trace 
element, they hardly contribute to improvement in fatigue strength by the increment in an oxide or nitride 
system inclusion that the origin of fatigue breaking is easy to come. 

[0007] By the way, generally, since fatigue strength improves with lifting of hardness, in SKD61, it is used by 
hardening annealing as a comparatively hard tool whose degrees of hardness are HRC45 thru/or about 50. 
However, since lifting of a degree of hardness increases notch sensitivity, improvement in fatigue strength may 
not necessarily be obtained by existence of the stress raisers of the inclusion contained in an ingredient or 
metal mold. Therefore, although it is necessary to attain optimization of a degree of hardness while taking into 
consideration existence of the minute defect of metal mold and stress concentration, clear knowledge is not 
acquired at all about these points. 

[0008] Moreover, although performing shot peening or shot blasting to a die face for improvement in the 
fatigue endurance of metal mold is often performed, there is a fault that a metal mold front face will be ruined 
with these processings, and a front face will be cut and dimensional accuracy will fall. Therefore, a 
manufacturing cost not only rises, but re-finish-machining of metal mold will be needed, and floor to floor time 
will start. Since dust is moreover generated, there is also a trouble that work environment will get worse. 
[0009] It is made in view of this trouble, and this invention is conventional JIS. It aims at offering the forging 
metal mold whose endurance the manufacturing cost was low like the hot-forging metal mold of SKT4 or the 
product made from SKD61, was able to be manufactured under good work environment rather than this 
conventional hot^forging metal mold, and improved, and its manufacture approach. 
[0010] 

[Means for Solving the Problem] The forging metal mold concerning this invention contains C:0.25 thru/or 0.45 
% of the weight, Si:0.05 thru/or 0.6 % of the weight, Mn:0.2 thru/or 0.8 % of the weight, Cr:4.0 thru/or 6.0 % of 
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the weight. Mo:1.0 thru/or 3.0 % of the weight. V:0.3 thru/or 1.0 % of the weight. aluminum:0.005 thru/or 0.040 
% of the weight and S:0.001 thru/or 0.004 % of the weight, and is characterized by the remainders being Fe 
and an unescapable impurity. Moreover, it is desirable that hardness is HRC41 thru/or 45. 
[0011] The manufacture approach of the forging metal mold concerning this invention C:0.25 thru/or 0.45 % of 
the weight. Si: 0.05 thru/or 0.6 % of the weight, Mn:0.2 thru/or 0.8 % of the weight, Cr: 4.0 thru/or 6.0 % of the 
weight. Mo:1.0 thru/or 3.0 % of the weight V:0.3 thru/or 1.0 % of the weight aluminum: The process which 
carries out form engraving of the metal mold which contains 0.005 thru/or 0.040 % of the weight, and S:0.001 
thru/or 0.004 % of the weight and has the presentation whose remainders are Fe and an unescapable impurity, 
It is characterized by having the process which performs plastic working to which surface total distortion 
becomes 5% or less from the corner radius at the corner section which has the radius of circle of the form 
engraving side of said metal mold using the application-of-pressure implement which has small radius of 
curvature. 
[0012] 

[Function] An invention-in-this-application person etc. is JIS. The ingredient target and dynamic factor which 
have had big effect on the fatigue endurance of the metal mold of SKT4 and the product made from SKD61 
were examined in the detail. Consequently, since it had the endurance excellent in metal mold, the knowledge 
of it being most effective making the dimension of the minute inclusion contained in the steel of metal mold 
reduce as an ingredient first was carried out. And the alloy content which satisfies such conditions was found 
out. 

[0013] Moreover, as heat treatment conditions, from examination of the detailed organization of metal mold, 
even if it was the case where inclusion existed even if, the knowledge of there being heat treatment hardness 
with small inclusion susceptibility that there is little influence of inclusion was carried out. 
[0014] Furthermore, as processing conditions, the knowledge of the ability to give the both sides of work 
hardening which makes fatigue strength improve, and compressive residual stress to metal mold was carried 
out only to the stress raisers where a fatigue crack goes into metal mold by carrying out application-of- 
pressure processing. 

[0015] As mentioned above, it is conventional JIS by there being the above property improvements about 
three side faces which raise the fatigue endurance of metal mold, i.e., an ingredient side, a heat treatment 
surface, and a processing side, and adopting any one of the properties of these, or two or more. The fatigue 
endurance of metal mold can be raised without bringing about lifting of a manufacturing cost as compared with 
the hot-forging metal mold of SKT4 or the product made from SKD61. 

[0016] Next, the reason for component addition and the reason for presentation definition of forging metal 
mold concerning this invention are explained. 

[0017] C (carbon):0.25 thru/or 0.45-% of the weight C are dissolving in martensite, it deposits as carbide by 
combining with other alloying elements, such as Mo, Cr, or V, and there is effectiveness which makes hardness 
of an alloy firmer. And in order to set hardness of an alloy to HRC41 thru/or 45, it is necessary to add C into 
an alloy 0.25% of the weight or more. On the other hand, if C is added exceeding 0.45 % of the weight, while 
toughness falls, a large crack may occur in the metal mold of a complicated configuration, and it will become 
easy to produce a crack at the time of welding remedy. Therefore, the content of C is made into 0.25 thru/or 
0.45 % of the weight 

[0018] Si(silicon): Although it has the effectiveness of raising a degree of hardness when 0.05 thru/or 0.4-% of 
the weight Si dissolve into an alloy, for demonstrating such effectiveness, it is necessary to add Si 0.05% of the 
weight or more into an alloy. On the other hand, when the addition of Si exceeds 0.4 % of the weight, and Si 
segregates to the old austenite grain boundary, the improvement effectiveness of fatigue strength is not 
demonstrated. Therefore, the content of Si is made into 0.05 thru/or 0.4 % of the weight 

[0019] Mn(manganese): It is the element which 0.2 thru/or 0.8-% of the weight Mn dissolve into an alloy, and it 
not only raises a degree of hardness, but raises hardenability, and when metal mold is manufactured with an 
alloy, hold hardness even to the interior. Moreover, in order to secure sufficient toughness, it is necessary to 
add Mn 0.2% of the weight or more into an alloy. On the other hand, if Mn is added exceeding 0.8 % of the 
weight, big and rough MnS used as the origin of fatigue breaking will be formed. Therefore, the content of Mn is 
made into 0.2 thru/or 0.8 % of the weight. 

[0020] CKchromium): 6.0% of the weight, 4.0 thru/or in order to raise the hardenability of an alloy and for Cr to 
secure the degree of hardness inside metal mold while it deposits as carbide and sets a degree of hardness to 
HRC41 thru/or 45, it is necessary to add it 4.0% of the weight or more into an alloy. On the other hand, when 
Cr is added exceeding 6.0 % of the weight big and rough primary carbide deposits and the improvement 
effectiveness of fatigue strength is not demonstrated. Therefore, the content of Cr is made into 4.0 thru/or 
6.0 % of the weight. 

[0021] Mo(molybdenum): 1.0 thru/or 3.0-% of the weight Mo deposit carbide more detailed than Cr, and gives 
high temperature strength required as hot-forging metal mold, and softening resistance to an alloy while it 
improves hardenability like Cr. In order to demonstrate such effectiveness and to promote microsegregation 
when adding exceeding 3.0 % of the weight although it is necessary to add Mo into an alloy 1.0% of the weight 
or more, it will become impossible to contribute to improvement in fatigue strength in any way. Therefore, the 
content of Mo is made into 1 .0 thru/or 3.0 % of the weight. 

[0022] V (vanadium):0.3 thru/or 1.0 % of the weight V are added into an alloy 0.3% of the weight or more in 
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order to form the detailed carbide stabilized until it resulted in the elevated temperature. On the other hand, 
even if it adds exceeding 1.0 % of the weight, effectiveness hardly goes up but cost only starts. Therefore, the 
content of V is made into 0.3 thru/or 1.0 % of the weight. 

[0023] aluminum(aluminum): 0.005 thru/or 0.040-% of the weight aluminum are mainly required as a deoxidation 
element at the time of manufacture of steel, and in order to perform the deoxidation effectiveness stably, it is 
required 0.005% of the weight or more as dissolution aluminum. On the other hand, if Dissolution aluminum is 
added exceeding 0.040 % of the weight, inclusion used as the origin of fatigue breaking, such as aluminum 203 
or AIN, will be formed. Therefore, the content of aluminum is made into 0.005 thru/or 0.040 % of the weight. 
[0024] By combining with Ma S (sulfur):0.001 thru/or 0.004 % of the weight S raise machinability. Therefore, 
although S is added into an alloy 0.001% of the weight or more, when adding exceeding 0.004 % of the weight, 
big and rough MnS used as the origin of fatigue breaking will be formed. Therefore, the content of S is made 
into 0.001 thru/or 0.004 % of the weight. 

[0025] While the component presentation of an alloy affects fatigue breaking of an alloy as mentioned above, 
effect also with the big dimension of inclusion, such as a sulfide of Mn or an oxide of aluminum, is done. 
Drawing 1 is a microphotography in which the example of an origin of fatigue breaking of metal mold steel 
(SKD61) is shown, and drawing 2 is the graphical representation showing the effect to which the dimension (it 
is effective-radius (ab)1/2 when setting the major-axis radius of inclusion to a, and setting a minor-axis radius 
to b) of inclusion is taken along an axis of abscissa, a fatigue life is taken along an axis of ordinate, and the 
inclusion dimension in metal mold steel (SKD61) exerts alternating stress on a fatigue life under 600MPa(s). It 
is JIS as shown in drawing 1 . The great portion of fatigue breaking of SKD61 or SKT4 is generated with the 
sulfide of Mn, or the oxide of aluminum as the starting point. Moreover, it turns out that it is effective in 
improvement in fatigue strength to make these inclusion dimensions reduce from the graphical representation 
shown in drawing .2 . If the effective radius which is this inclusion dimension becomes large exceeding 40 
micrometers, fatigue strength will fall-like proportionally. Therefore, as for an inclusion dimension, it is 
desirable to make it an effective radius set to 40 micrometers or less. 

[0026] In addition, the limit about Mn, S, and aluminum is an indispensable condition for satisfying a limit of 

said inclusion dimension especially in the component range mentioned above. Moreover, since fatigue strength 

falls remarkably when the fatigue crack on the basis of inclusion spreads the grain boundary in a host phase, 

the limit of the amount of Si which controls this destructive mode promotion is important. 

[0027] Although toughness and softening resistance will fall compared with conventional SKD61 by limit of 

above Mn or Si, in the alloy steel material used for the forging metal mold concerning this invention, it has the 

above toughness and softening resistance which SKD61 has by optimizing the amount of Mo. 

[0028] Next, the reason for ' , c; nition of the hardness of the alloy steel material after hardening and tempering 

processing is explained. 

[0029] If a degree of hardness is raised about the ingredient of a pure ingredient without the defect of 
inclusion etc., high ductility, or an inside low degree of hardness, fatigue strength will improve. However, about 
the alloy steel material of the above high degrees of hardness, since fatigue breaking generates the minute 
defect of inclusion etc. as an origin, fatigue strength does not improve only by raising a degree of hardness. 
Therefore, as for said alloy steel material, it is desirable to make it a detailed organization which raises the 
crack progress resistance from a defect. 

[0030] Therefore, after cooling until it considers as an austenite texture at 1000 thru/or the temperature of 
1050 degrees C and becomes the temperature of 150 degrees C or less with air blast cooling or oil quenching, 
temper of the steel used for the forging metal mold concerning this invention is carried out at 550 thru/or the 
temperature of 650 degrees C, and it adjusts hardness. 

[0031] When a degree of hardness is made larger than HRC45 by making to make tempering temperature into 
low temperature from said range within the limits of said heat treatment conditions, or tempering time amount 
into a short time, a deposit of the spherical detailed carbide which gives resistance of crack progress cannot 
fully take place, and cannot raise fatigue strength. 

[0032] Since needlelike big and rough carbide deposits along with a martensite leaf and this serves as a 
precedence path of crack progress when a degree of hardness is set to 41 or less HRC by making temperature 
of annealing into an elevated temperature from said range, or on the other hand making tempering time amount 
into long duration, fatigue strength will fall. 

[0033] Therefore, the hardness of the steel used for the forging metal mold concerning this invention is limited 
to HRC41 thru/or 45 which can deposit the spherical detailed carbide most effective in improvement in crack 
progress resistance. 

[0034] In addition, drawin g 3 is a microphotography in which the hardness of the steel used for the forging 
metal mold concerning this invention and the configuration of deposit carbide are shown, and drawing 3 (a) is a 
microphotography which HRC43 and (c) show the organization of the alloy steel material which is HRC45 as 
for HRC40 and (b). In this drawin g 3 , it is observed by HRC40 that carbide with needlelike carbide spherical at 
HRC43 has few deposits of carbide HRC45. Therefore, it turns out that needlelike big and rough carbide 
deposits when the degree of hardness of alloy steel material is smaller than HRC41, spherical carbide deposits 
when it is HRC41 thru/or 45, and a deposit of carbide decreases when larger than HRC45. 
[0035] Next, the processing approach of metal mold finishing after diesinking is explained. 
[0036] Since it almost generates in the R section of cavity (diesinking section) **** which is the part which 
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stress concentration generates, the fatigue crack of metal mold can raise the fatigue strength of alloy steel 
material by giving the beforehand suitable compressive residual stress for this part. 

[0037] First, a press machine is used, and a load is covered with the application-of-pressure implement which 

has radius of curvature smaller than that corner radius in the corner R section of a cavity, and plastic working 

is performed so that the total distortion of the corner section front face at this time may become 5% or less. 

As for the increment in the compressive-residual-stress value produced even if it covers a load across said 

range, slightly, a detailed crack may occur and fatigue strength may fall to reverse. Therefore, the total 

distortion of a corner section front face performs plastic working so that it may become 5% or less. 

[0038] In addition, about the load load for making total distortion into 5% or less, it is possible to ask for the 

corner section analytically with the finite element method etc. Moreover, it is also possible to determine by 

surveying surface distortion of the corner section by X-ray half-peak-width measurement etc. 

[0039] Moreover, even if the processing approach mentioned above can be given only about the steel used for 

the forging metal mold concerning this invention, applying to metal mold steel widely is possible and it is such a 

case, the fatigue strength of metal mold steel can be improved. 

[0040] 

[Example] Hereafter, the example of this invention is explained as compared with the example of a comparison 
from which it separates from the claim of this invention. 

The 1st example following table 1 displays the chemical entity and hardness of trial steel concerning this 
example with weight % and HRC hardness, respectively. In addition, in order to give the facilities of the 
comparison with an example and the example of a comparison to the upper part of this table 1, the range and 
degree of hardness of each component of metal mold steel which are the claim of this invention are indicated. 
[0041] 
[A table 1] 
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[0042] Moreover, the result of 107 times of rotary bending fatigue strength is shown in the following table 2 to 
each trial steel of a publication at the above-mentioned table 1. The examples 6, 7, and 8 of a comparison for 
which aluminum, S. or Mn deviates from the limit range have fatigue strength clearly lower than this table 2 
compared with examples 1-3. moreover — even if the component of trial steel is the limit range — a degree 
of hardness — a limit — also in the examples 4 and 5 of a comparison out of range, fatigue strength is low. 
Furthermore, JIS Also about SKD61 and SKT4, fatigue strength is quite low compared with this example. 
[0043] 
[A table 2] 
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[0044] The alloy steel used for the forging metal mold concerning this invention, i.e., the trial steel of the 
example 1 in the 1st example, was adopted as the forging metal mold of the arm made from an aluminum alloy 
as axle part components of the 2nd example automobile, and various application-of-pressure processings were 
performed to the corner R section of a cavity bottom. The mold life in this case is shown in the following table 
3. Moreover, in order to compare with the metal mold steel concerning this invention, the mold life of SKD61 
was also indicated to a table 3. 
[0045] 
[A table 3] 
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[0046] As for the metal mold A of the alloy steel used for the forging metal mold concerning this invention, 
from the above-mentioned table 3, a mold life understands a ******** clearly compared with the metal mold 
D made from SKD61. Moreover, even if the component of alloy steel is the same, when application-of- 
pressure processing is performed by the manufacture approach of the forging metal mold concerning this 
invention, it also turns out that a mold life can be further raised compared with the case where it is not 
processed. 
[0047] 

[Effect of the Invention] According to [ as explained above ] this invention, it is conventional JIS. A 
manufacturing cost is low like the hot-forging metal mold of SKT4 or the product made from SKD61, and the 
forging metal mold in which the endurance which can be manufactured was excellent under good work 
environment as compared with such conventional metal mold can be obtained. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3Jn the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

lDrawmjjJ.3 It is the microphotography in whichthe origin of fatigue breaking of the metal moid steel made 
from SKD61 is shown. 

[Drawing 2] The inclusion dimension in the metal mold steel made from SKD61 is the graphical representation 
showing the effect affect a fatigue life. 

[Drawing 3] It is the microphotography in which the configuration of another deposit carbide is shown in the 
hardness of metal mold steel. 



[Translation done.] 
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